In situ and operando X-ray absorption spectroscopy experiments
light illumination. To the best of our knowledge this is the first time that the active site of a photocatalytic MOF is studied by in-situ XAS. 
Reaction conditions
For the photocatalytic synchrotron experiments, Co@MOF (5.0 mg) was suspended in a mixture of acetonitrile (5 mL), triethylamine (1 mL) and deionized water (0.1 mL) and the suspension degassed by bubbling nitrogen for 10 min while stirring. The resulting suspension was transferred (under nitrogen atmosphere) to the above described in situ photocell (head space approximately 1 mL), continuing under stirring and was purged with nitrogen beforehand. For the irradiation, a 300 W Hg/Xe lamp coupled with an IR filter (circulating water; ca. 10 cm path length) and a 408 nm UV cut-off filter was used. After, an electronic shutter provides a TTL input (via BNC) allowing to drive the shutter from another source. Thus, the open/close switch was synchronized and triggered with XANES acquisition. Then, there was an optic focusing assemblies that focus the collimated light into a 2 m fiber since the light source setup was far from the cell and the fiber allowed a direct focus of the visible light into the quartz window of the photocell. The fiber probe used here is a Liquid Light Guide with high transmittance (around 80%). At the end, a focusing lens, which has a working distance of 1 cm, illuminated the suspension through the quartz window.
Instrumentation
XAS data was collected at BM23 beamline 5 of the European Synchrotron Radiation Facility, ESRF, Grenoble (the ring energy was 6.0 GeV and the current 150-200 mA). Two crystals of Si(111) were used as a monochromator and a pair of Si-coated mirrors with a glancing angle of 3 mrad were employed to reject high-energy harmonics. Spectra in transmission were recorded with ionization chambers filled at 2 bar with a N 2 /He mixture with appropriate ratio to obtain an absorption of 0.3 in the I0 and 0.7 in both I1 and I2 (this last is used for a simultaneously reference record). Spectra in fluorescence were recorded with a silicon Vortex detector placed at 90º with respect to the incident X-ray beam. Beam size at sample was 5 mm in horizontal and 0.2 mm in vertical.
XANES and EXAFS spectra were taken integrating 2 s per point of a mesh divided in three regions: steps of 5 eV were applied in the pre-edge, 0.3 eV steps around the energy of the edge and longer steps above the edge to obtain a constant space between points in k-space (0.03 Å -1 ). Each EXAFS spectrum was repeated three times and data averaged to obtain a better signal-to-noise ratio.
Data analysis

XANES: spectra normalization
Spectra normalization was performed with Athena program, part of Demeter package 0.9.21. 6 The spectra of all samples and references (CoO, CoBr 2 , etc.) were shift-corrected using an external Co foil reference which was measured between samples.
The assignation of the oxidation state was performed evaluating the first derivative of normalized XANES spectra for
Co@MOF and references of the oxidation states: Co(0), Co(II) and Co(III) (See Fig. S2 ). In order to evaluate the possible formation of a cobaloxime complex within the structure of the MOF, this reference was also measured in different suspensions (Fig. S4 ).
Fig. S4. XANES spectra of the Co(III)-cobaloxime complex in AN and AN-TEA-H 2 O suspensions. XANES spectrum of
Co@MOF in AN-TEA-H 2 O suspension is also included.
EXAFS fitting
Artemis program, also part of Demeter package 0.9.2166, was used for EXAFS deconvolution. The fitting of (k)
were performed for all samples and references in three k-weights ( (k) k, (k) k 2 and (k) k 3 , simultaneously, in order to correctly represent both the light and the heavy atoms. Paths phases and amplitudes were calculated, for all models, with the Feff6 program contained in Artemis. Appropriate limits for the Hanning windows in k and R spaces were chosen for each spectrum. For the k-space one, the result of the Fourier Transform (to R-space) was compared increasing the range of the k-space window from the lower acceptable value (7 A -1 ) to the highest possibility (13 A -1 in the case of CoO); the wider window which not include obviously non-real features was selected. For the R-space, a minimum (close to zero) of the magnitude at a distance which includes all fitting shells was selected. Amplitude reduction factor (S 0 2 =0.88±0.04) was calculated over reference CoO and applied to all other spectra. Only for this spectrum two-, three and four-legs paths were taken into account as an effort to obtain the better value of S 0 2 ; all other spectra were fit with only single-scatter paths. Same energy shift ( E 0 ) was chosen for all paths of the same spectra. 
Operando experiments during light ON-OFF switchings
After the incubation period, the suspension of Co@MOF in the reaction media (acetonitrile/trietilamine/H 2 O, N 2 purged) was illuminated with external visible light (>400 nm) during 6 h (reaction conditions). Next, the light was switched off for another equal period. This cycle was repeated to check reproducibility. XANES spectra were continuously acquired to follow the process. Fig. S7 displays a schematic representation of the experiment. 
EPR measurements
EPR measurements were carried out in continuous wave mode at X-band (9 GHz) and Q-band (34 GHz) using a commercial EPR spectrometer Bruker Elexsys E580 equipped with an Oxford Instruments temperature control system (T = 4-300 K). Samples were prepared by suspending Co@MOF in a solution of electron donor TEA/CH 3 CN/H 2 O. The volume of suspension placed into the EPR resonator was 50-60 mL. Each sample was degassed by several freeze-pump-thaw procedures and then sealed. The illumination was accomplished using LED with 380 nm light. One observes that EPR line shape is closely Gaussian with only minor deviations. only slight narrowing at high temperatures is observed due to the more efficient exchange narrowing. 
Photocatalytic tests on Co@MOF systems with other metallic nodes in the framework
The participation of Ti in the active site formation was proved when photocatalyitc tests on other MOFs based on the same amino functionalised linker was loaded with Co using the same protocol as reported in ref. [7] .
Experimental setup consisted of a 500 W Xe/Hg lamp (66983, Newport), a custom-made Pyrex-glass reactor, a CP 9001 gas chromatograph (Chrompack) for analysis of the headspace, and a KSLA gas pump and the light source. The reactor has a volume of 42.1 mL and is equipped with a water jacket to allow for precise temperature control 
